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Suppose that (1) R N 1 , . . . , R N n be n Nakagami-m variables whose marginal statistics are respectively described by the parameters m 1 = · · · = m n = m; (2) R 1 , . . . , R n be nα-µ variables whose marginal statistics are respectively described by the parameters µ 1 = · · · = µ n = µ d , α 1 , . . . , α n ; (3) 0 ≤ ρ Nakagami−m ≤ 1 be a Nakagami-m correlation coefficient; and (4) ρ α−µ , 0 ≤ ρ α−µ ≤ 1 be an α-µ correlation coefficient.
The joint probability density function p R N 1 ,...,R Nn (R N 1 , . . . , R N n ) of n Nakagami-m variates, R N 1 , . . . , R N n with marginal statistics just described, is given by [8, Eq. (10) ]. We are considering the exponential correlation model of α-µ distribution. The exponential correlation model can be obtained from [9] by setting Σ ij = 1 for i = j and Σ ij = ρ |i−j| Nakagami−m for i ̸ = j in Nakagami-m correlation matrix, where ρ Nakagami−m is the correlation coefficient. The correlation coefficient ρ Nakagami−m is defined as
, where C (., .) denotes the covariance operator. We use the relation between α-µ and the Nakagami-m envelopes (R , we find that µ = m. Also, the relation between the correlation coefficient of α-µ distribution and Nakagami-m distribution have been already derived [8, Eq. (31) ]. For two Nakagami-m and α-µ variates, it can be seen that ρ α−µ = ρ Nakagami−m √ µ 1 /µ 2 . Now, because in this case we have µ 1 = µ 2 = µ d , from (1) , then the correlation coefficient of α-µ distribution is equal to the correlation coefficient of Nakagami-m distribution, i.e., ρ α−µ = ρ Nakagami−m . Finally, considering all proposed relations and [8, Eq. (10)], the joint probability density
with J as the Jacobian of the transformation given by
After the standard statistical procedure of transformation of variates and after some mathematical manipulations and simplifications, JPDF can be respectively expressed as
where
3. Joint probability density function of the square ratio of two multivariate exponentially correlated α-µ distributed variables Let us define the k-th square ratio of α-µ variates from the exponentially correlated multivariate distributed variables
Similarly as (2.1), the JPDF for the denominator, can be presented in the form of
with
where µ c is the distribution parameter.
The JPDF of the square ratios, λ k , k = 1, 2, . . . , n, can be given by (cf. [8] )
Substituting (2.1) and (3.1) in (3.2), and using the fact that
First order statistic of the maximal and minimal square ratio of two multivariate exponentially correlated α-µ distributed variables
In this section, we derive the closed-form expressions for the first order statistics of the maximal and minimal square ratio of two multivariate exponentially correlated distributions. First, we determine the maximal square ratio
For this case, the cumulative distribution function can be written as (cf. [10] )
Substituting expression (3.3) in (4.1) and after n successive integrations, the CDF becomes
2) where 
It is clear that all terms of this series are nonnegative, so that
Numerical examples show a quite satisfactory convergence
To illustrate the speed of convergence we consider the behavior of the difference E N (t) − E N+1 (t), for sufficiently large N, supposing that
These values, for 3 ≤ N ≤ 9 and some selected values of t, are displayed in Table 4 .1. Numbers in parentheses indicate decimal exponents. In Table 4 .2 we present the number of terms N in the finite sum F N λ (t) in order to achieve the accuracy |F N λ (t) − F λ (t)| < 10 −6 . It is obvious that the number of terms increases as the correlation coefficient increases. The PDF can be obtained easily from the previous expression. Namely, we get where
. . , n − 1, and 
For this case, the CDF can be written in the form (see [10] )
Substituting expression (3.3) in (4.3) and after n successive integrations, the CDF becomes: where
and
Similar conclusions about the rapid convergence of the nested infinite sum from this expression, as for the convergence of expression (4.2) are valid.
The PDF can be obtained easily from the previous expression. Namely,
, where
for i = 2, . . . , n − 1, and 
Application in telecommunications: the performance analysis of the multibranch SIR based SC diversity
Performances of mobile radio systems are remarkably affected by fading phenomena [12] . In practice, fading is not independent due to the insufficient antenna spacing. Multivariate (correlated) distribution analysis is an important tool in the performance investigation of many receiver structures for multiple-path correlative fading channels. Hence, characterizing the diversity system performance over correlated fading channels is important from both a theoretical and practical viewpoint. There have been proposed several correlation models and used for the performance analysis of various wireless systems, corresponding to specific modulation, detection, and diversity combining schemes. Though useful in mathematics and some situations in engineering, the assumption of constant or exponential correlation generally matches the practical environment in mobile communications. The assumption of exponential correlation is somewhat close to the situation in a linear array, but it requires equispaced diversity antennas [13] . By considering two important phenomena inherent to radio propagation, namely non-linearity and clustering, it was shown, that α-µ fading model provides a very good fit to measured data over a wide range of fading conditions. The α-µ distribution is written in terms of physicallybased fading parameters, namely α and µ. Roughly speaking, α is related to the non-linearity of the environment whereas µ is associated with the number of multi-path clusters.
Various techniques are used to combine the signals from multiple diversity branches, representing different levels of performance [14] . As one of the classic combining methods, selection combining (SC) has been widely used in practice due to its simplicity. In the interference-limited fading environments (where the level of the cochannel interference is sufficiently high as compared to the thermal noise), it picks the branch with the maximum instantaneous signal-to-interference ratio (SIR) for a symbol decision. Instantaneous values of SIR at the k-th diversity branch input can be defined as λ k = R 
This type of combining technique, in which the branch with the highest SIR is selected, can be measured in real time both in base stations (up-link) and in mobile stations (down-link) using specific SIR estimators, as well as those for both analogue and digital wireless systems (e.g. GSM) [15, 16] .
Based on the previous section, the proposed analysis is carried out assuming correlative α-µ fading for both the desired signals and co-channel interferers, and useful closed-form of formulae for the pdf and cdf are derived. The correlation between desired signals and correlation between interferences are modeled with the same correlation coefficient ρ because the arrival angles of the contribution with the broadside directions of antennas are assumed to be the same [14] . The main contribution of this analysis is that we observed multi-branch selection combining diversity system and it has been done for general case of α-µ distributed fading. Capitalizing on this standard system performance measures can be determined like the outage probability (OP).
Outage probability
The outage probability P out is a standard measure of the communication system's performance and is commonly used to control the noise or cochannel interference level in wireless communication systems.
In the interference-limited environment, outage probability P out is defined as the probability which combined-SIR falls below a given outage threshold γ , also known as a protection ratio [17] . Protection ratio depends on modulation technique and expected quality-of-service (QoS). In Fig. 5 .1, the outage probability is plotted versus 1/γ for several values of µ d and µ c and the correlation coefficient ρ.
Diversity systems with two and three branches are observed. It is evident that a system with three branches has better performance (lower values of outage probability for the same parameters). Also it is interesting to note here that for low values of 1/γ (<2 dB) due to interference dominance, the outage probability increases (performance deteriorates) when the fading severity of the interferers decreases (µ c increases). But, for higher values of 1/γ (dominance of the desired signal), the outage probability decreases when µ c increase.
Conclusion
Derivation of probability density function of a multivariate α-µ distributed variables with exponentially correlated random variables is derived. Also JPDF is derived for the square ratio of two multivariate exponentially correlated α-µ distributed variables. Statistical properties of the maximal and minimal square ratio of two multivariate exponentially correlated α-µ distributed variables are determined. Capitalizing on this, an approach to the performance analysis of SIR based SC over α-µ fading channels in the presence of co-channel interference is presented.
